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reflect long-term salinity patterns? 
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Department of Marine Biology, James Cook University of North Queensland, 4811 Townsville, Australia 
ABSTRACT Epinephelus coioides and E. malabaricus are closely related species of serranid fishes. 
They are similar in appearance, occupy the same habitats and are represented in estuaries of north- 
eastern tropical Australia almost entirely by juveniles. Fish traps were used to sample these 2 species 
from 3 estuaries on the northeast coast of tropical Australia over a 2 yr period Patterns of distribution. 
abundance and size structure were compared. Despite the sirmlarities between the 2 species, they 
showed quite different patterns of distribution and abundance, both within and between estuaries. In 
seaward parts of the estuaries the numbers of E. coioides were similar to or greater than those of E. mal- 
abaricus. However, in upstream areas E. malabaricus became much more abundant than E. coioides. 
The reasons for this change in dominance are unknown. However, upstream areas of the estuaries 
exhibited extreme levels of salinity (either hypersaline or hyposahne) and catches of the 2 species cor- 
related with the maximum deviation in salinity. This suggests that i f  salinity, or some correlated vari- 
able, does influence the abundance of the 2 species, it is through long-term effects rather than short- 
term changes. Regardless of the reason, these spatial differences in abundance suggest that E. 
malabaricus is better equipped to deal with the challenges of estuary life than is E. coioides. 
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INTRODUCTION 
Serranid fishes of the genus Epinephelus occur in 
estuaries throughout tropical Australia (Collette 1983, 
Blaber et al. 1985, Blaber et al. 1989, Sheaves 1992, 
1993, 1995a). The species reported most conlmonly 
from estuaries in tropical Australia are E. malabaricus, 
E. tauvina, E. coioides and E. suillus. However, much 
confusion has existed in the classification of fishes of 
this genus (Randall & Ben-Tuvia 1983, Randall 1987, 
Randall & Heemstra 1991). It appears that most reports 
of Epinephelus from estuaries in this area refer to 2 
species, E. coloides and E. malabaricus. E. suillus is a 
synonym of E. coioides (Randall & Heemstra 1991), and 
both species have often been misidentified as E. 
tauvina (Randall & Heemstra 1991) which is a species 
typical of clear-water coral reef areas rather than estu- 
aries (Randall et al. 1990). E. coioides and E. malabari- 
cus are common within estuaries of tropical eastern 
Australia where, despite occurring to sizes of 400 mm 
fork length or more (Sheaves 1992, 1993, 1995a), the 
populations of both species consist almost entirely of 
pre-reproductive females (Sheaves 1995b). 
The distribution of Epinephelus coioides and E, mal- 
abaricus within and between estuaries has received 
little study. However, in Alligator Creek, an estuary on 
the coast of tropical northeastern Australia, E. coioides 
and E. malabaricus were found to possess quite differ- 
ent spatial distributions (Sheaves 1992). E. coioides 
was the dominant serranid in downstream areas, but 
catches declined in upstream areas of the creek. E. 
rnalabaricus showed the opposite pattern with num- 
bers increasing from the lower parts of the creek to 
upstream areas, where this species became the domi- 
nant serranid. If the differences in distribution, abun- 
dance and dominance of these congenerics are general 
patterns in estuaries in tropical Australia, it suggests 
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underlying differences in the biology of the 2 species, 
possibly in the way they respond to physical conditions 
in estuaries. 
To determine whether the interspecific differences 
noted by Sheaves (1992) existed in other estuaries in 
northeastern tropical Australia and whether such pat- 
terns were maintained over time, I compared the dis- 
tributions, abundances and size structures of Epineph- 
elus coioides and E. malabaricus within 3 estuaries on 
the coast of tropical northeastern Australia (Alligator, 
Barramundi and Cattle Creeks) over a 2 yr period. Spa- 
tial patterns of d.istributions and abundances of the 2 
species were distinctly different, and the relationship 
between these differences and variations In water tem- 
perature and salinity was investigated. 
MATERIALS AND METHODS 
Study sites. Sampling was conducted at Cattle (18" 
15' S, 146" 15' E), Barramundi (19" 25' S, 147" 10' E) 
and Alligator Creeks (19" 20' S, 146' 55' E), 3 man- 
grove-lined estuaries or, the northeastern coast of trop- 
ical Australia (Fig. 1). The 3 creeks have quite different 
rainfall patterns. Cattle Creek lies at the southern 
extremity of the 'wet tropics' and its catchment 
receives a considerably higher annual rainfall than 
areas around the other 2 creeks, both of which lie in 
the dry tropics (Oliver 1978). While the average annual 
run-off in the catchment area of Cattle Creek exceeds 
1000 mm (Bonell 1983), for Alligator Creek annual run- 
off is about 500 mm and for Barramundi Creek 1s less 
than 375 mm (Bonell 1983). 
South 
Pacific 
Ocean 
Fig. 1. Locations of Cattle. Barramundi and Alligator Creeks 
Sampling. Sampling was conducted using 12 Antil- 
lean-Z fish traps (1800 mm long, 1100 mm wide, 
600 mm high, plan area approx. 1.53 m', volume 
approx. 0.92 m") with 12.5 mm square galvanised steel 
mesh and straight entrance funnels, and baited with 
500 g of Western Australian blue pilchards Sardinops 
neopllchardus. These traps and related sampling pro- 
tocols are described in Sheaves (1995a). 
The navigable portions of Cattle Creek and Barra- 
mundi Creek (lower 15 km) were each divided arbi- 
trarily into 4 regions (Bottom, Lower, Upper, Top) rep- 
resenting increasing dlstance upstream. Each of these 
reglons was approximately 3240 m in length and sepa- 
rated from the adjacent region by a gap of about 
500 m. As Alligator Creek had a shorter navigable 
length only the Bottom and Lower regions were 
defined. Three traps were used to sample in each 
region, with no trapping site being used more than 
or?ce during t h e  study. 
Three days of sampling were conducted during Lhe 
first quarter of the lunar cycle for 24 consecutive 
cycles, between October 14, 1991 and August 25, 1993. 
One creek was sampled in each lunar cycle. To enable 
data to be collected from each creek at a constant 
interval of 3 lunar cycles, the creeks were always sam- 
pled in the same order, first Cattle Creek then Barra- 
mundi Creek then Alligator Creek. Thus each creek 
was sampled on 8 occasions, 3 mo apart. On each occa- 
sion, 3 traps were used in each region for 3 d with 2 
daytime samples and 1 overnight sample collected 
from each trap on each day. Although comparing sys- 
tems sampled in different months has the potential to 
produce biased results, logistic constraints made this 
unavoidable. However, the nature and consistency of 
the patterns found during this study suggests that any 
such biases are unlikely to be important. 
The groups of successive samples from the 3 creeks 
over a 3 mo period (i.e. Cattle, Barramundi then Alli- 
gator) were considered to constitute a season for the 
purposes of these analyses. However, as there was no 
gap separating the 'seasons' this division was wholly 
arbitrary and served only to group the samples broadly 
into units for temporal comparisons. The seasons were 
designated as follows: Spring 1991 (October/Novem- 
ber/December 1991), Summer 1992 (January/Febru- 
ary /\.larch 1992), Autumn 1992 (Apnl/May/June 
1992). Winter 1992 (July/August/September 1992), 
Spring 1992 (October/November/December 1992), 
Summer 1993 (January/February/early March 1993), 
Autumn 1993 (late March/April/May 1993), Winter 
1993 (June/July/August 1993). 
Data analysis. Because only the 2 most seaward 
regions (Bottom and Lower) could be defined in Alliga- 
tor Creek the data for Epinephelus coioides and E. 
malabaricus were analysed in 2 phases; all regions of 
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Cattle and Barramundi Creeks (Analysis I), and the 
lower 2 regions of all 3 creeks (Analysis 11). 
Previous studies (Sheaves 1992, 1993, 1995a) sug- 
gested that Epinephelus coioides and E. malabaricus 
would be trapped in low numbers only. Thus it was 
decided a prior] to pool data over sites, soaks and days. 
Data from day and night soaks were pooled also. Thus 
the data analysed consisted of fish lengths or numbers 
of fishes in each region of each creek for each season. 
Size. Analysis of variance [ANOVA) was used to 
investigate changes in the mean fork length (FL) of 
Epinephelus coioides and E. malabaricus. The factors 
analysed (Seasons, Creeks, Regions) were considered 
fixed and orthogonal to each other. 
As expected many catch rates were low, with no fish 
of one or another species being trapped in a number of 
Season X Creek X Region combinations. Due to this 
paucity of data, particular factor levels were omitted 
from the analyses of size. For Epinephelus coioides, 
Analysis I included data from the 3 lower regions of 
Barramundi Creek only, and Analysis I1 included data 
from the 2 seaward regions (Bottom and Lower) of Bar- 
ramundi and Alligator Creeks for all seasons except 
Winter 1992. For E. malabarjcus, Analysis I included 
data for the Bottom, Lower and Upper regions of Bar- 
ramundi and Cattle Creeks for all seasons, and Analy- 
sis I1 included data for the 2 seaward regions of Barra- 
mundi and Alligator Creeks in all seasons except 
Winter 1993. 
Plots of residuals against predicted values and nor- 
mal probability plots showed no evidence of hetero- 
geneity of variance or non-normality in the data for 
Epinephelus coioides or the data for E. mal- 
abaricus from Cattle and Barrarnundi Creeks. 
However, in the data for E. malabaricus from 
the 2 lower regions of all creeks (Analysis II) 
there was a tendency for the residuals to 
increase with the mean, indicating hetero- 
geneity of variance. Therefore a square root 
transforn~ation was applied to these E. mal- 
abaricus data resulting in a distribution of 
residuals that showed no evidence of hetero- 
geneity of variance. 
Distribution and abundance. To enable the 
abundances of Epinephelus coioides and E. 
malabarjcus to be compared the numbers of 
the 2 species were analysed together. As a 
number of Season X Creek X Region combi- 
nations produced no fish of one or another 
species, the data were  pooled over seasons 
and only the spatial factors (Creek and  
Region) analysed. The data in the form of a 
3-way contingency table (Species X Creek x 
Region) were analysed using a log-linear Fig. 2.  
model. coiojdc 
Physical variables. On each sampling day the sur- 
face and bottom temperatures and salinities of each 
region were measured as close to low tide as possible. 
As bottom and surface values were highly correlated 
only bottom values were analysed. These were  
thought to better represent the physical conditions the 
fish would have been exposed to. The absolute value 
of the maximum deviation in salinity (MSD) away from 
mean 'normal' seawater salinity (35%"; Kalle 1971) was 
calculated for each region of each creek and the rela- 
tionship between catches of Epinephelus coioides and 
E. malabaricus, and bottom temperature, bottom salin- 
ity and MSD determined. 
RESULTS 
Size 
During the course of the study 280 Epinephelus 
coioides between 120 and 500 mm FL and 334 E. mal- 
abaricus between 122 and 619 mm FL were trapped in 
Cattle, Barramundi and Alligator Creeks. The overall 
size structures of E. coioides and  E. rnalabaricus 
(Fig. 2)  displayed some differences. The maximum size 
of E. coioides (500 mm) was much smaller than that of 
E. rnalabaricus (619 mm). Furthermore, for E. coioides 
only 3 . 2 %  of fish were greater than 400 mm and only 
1 fish was over 460 mm, while for E. malabaricus 
16.2% of fish were greater than 400 mm. While both 
species showed a broad mode beginning a t  around 
250 mm, the mode for E. malabaricus extended to 
Epinephe lus  co io ides  
n = 280 
Epinephe lus  m a l a b a ~ i c u s  
n = 334 
210 31 0 410 510 61 0 
Size closs mid-point (mm) 
Comparison of size structures (fork length) of Epinephelus 
and E malabaricus from estuaries in northeastern Australia 
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Table 1. Epinephelus coioides. Analysis of variance tables for the mean fork length of individuals in 2 estuaries. (a) Three regions 
in Barramundi Creek (Analysis I). (b) two regions in Barramundi and Alligator Creeks (Analysis 11). -: factors not analysed 
Source of variation (a) (b) 
df of F P df of F P 
F ratio F ratio 
Creek - - - 1/190 1.32 0 252 
Region 21101 0.46 0 634 1/190 0.01 0 938 
Season 6/101 1.78 0.111 6/190 2.07 0 059 
Creek X Region - - - 1/190 2.04 0.155 
CreekxSeason - - - 6/190 0.52 0.796 
Region X Season 12/101 1.16 0.321 6/190 1.94 0.076 
Creek X Region X Season - - - 6/190 0.61 0.722 
Whlle the mean fork length of Eplnephelus malabar- 
200 I l L 1 
icus ~n Cattle and Barramundi Creeks dtffered w ~ t h  + fi .+ 0 ,S ,-r .G 2 
season (Fig. 3), there was no clear pattern; each of the +& 4 F$" &" / *a* 
peaks of fork length occurred in different seasons Size Season 
frequency plots of E malabancus over the 8 seasons 
also lacked any consistent Patterns, as did fork lengths Fig 3 Eplnephelus malabancus. Differences In fork length 
in the 2 lower regions of Cattle, Alligator and Barra- over 2 yr Data are means i 95% codi~dence ~ntervals 
mundi Creeks. 
about 390 mm, while for E. coioides the mode exten- The mean fork length of Epinephelus malabancus 
ded to about 330 mm only. The lower ends of the distri- was clearly larger in the Bottom and Lower regions of 
butions were similar for both species, falling off rapidly Barramundi Creek than in the corresponding regions 
from aboul250 mni iu d ~ ~ ~ ~ r ~ i l n u r i ~  u i  aboui i 20  mm. of Cattle Creek (Table 2 2 ;  Pig. 4 ) .  Hcwcvc:, in the 
There were no clear differences between the fork Upper region the mean fork length was greater in Cat- 
lengths of Epinephelus coioides for any of the variables 
(Table 1) for Analysis 1 (3 seaward regions of Barramundi 
Table 2. Epinephelus co~oldes Analysis of variance tables for the fork length of individuals in 3 estuaries. (a] Three regions 
in Cattle and Barramundi Creeks (Analysis I ) ,  (b )  two regions In Cattle, Barramundi and Alligator Creeks (Analysis 11). Bold 
values indicate s~gnlf~cant  effects 
Creek) or Analysis !I (the 2 seaward regions of Barrs- o 5n 
mundi and Alligator Creeks), although there was weak 
evidence of differences between seasons in Analysis 11. 400 
For Epinephelus malabaricus season had an indepen- 
dent effect on fork length for both Analysis I (3 seaward 
regions of Cattle and Barramundi Creeks) and Analysis f 
m I1 (2 seaward regions of all 3 creeks) (Table 2).  Creek 5 5Do 
and Region interacted strongly in Analysis I .  While 
U 
there was a very strong Creek effect in Analysis I1 there 250 
was no evidence of differences due to Region (Table 2). 
Source of variation (a) (b) 
df of F P df of F P 
F ratio F ratio 
Creek 1/171 0.35 0.556 2/189 14.77 0.000 
Region 2/17 1 0.95 0.389 1/189 0.321 0.578 
Season 71171 2.46 0.020 61189 2.865 0.01 1 
Creek X Region 21171 7.72 0.001 2/189 1.336 0.265 
Creek X Season 7/17 1 1.34 0.234 12/189 l 263 0.244 
Region X Season 14/171 1.42 0.148 6/189 0.592 0.726 
Creek X Region X Season 14/171 1.09 0.370 12/189 0 695 0.755 
- 
- 
. 
- 
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B o t t o m  l o w e r  Upper 
Reg~on 
Fig. 4 .  Epinephclus malabaricus. Effect of the interaction 
between Creek and Region on the fork length of individuals 
in Cattle and Barramundi Creeks. Data are means * 95'16 con- 
fidence intervals 
tle Creek than in Barramundi Creek (Tukey's test: 
q,,,  = 4.247, p < 0.05). Size frequency plots for this 
interaction (Fig. 5) showed that in the regions with 
small mean sizes (Bottom and Lower regions of Cattle 
Creek and Upper region of Barramundi Creek) a small 
proportion of large E. malabaricus were trapped, com- 
pared to the Bottom and Lower regions of Barramundi 
Cnt t l e  C r r e k  B a r r ~ m \ > n d :  C r r r k  
1I 
L o w e r  
n = 39 l O 6  
Upper I ' ~ n e r  
n = 43 
0 4 I  
Size class (mm) S ize  class (mm) 
Fig. 5. Epinephelus malabaricus. Sizc frequency plots for the 
interaction between Creek and Region on the fork length of 
individuals shown in Fig. 4 
Creek and the Upper region of Cattle Creek. When the 
2 lower regions of Cattle, Alligator and Barramundi 
Creeks (Table 2b) were compared the mean fork 
length was larger in Barramundi Creek than in either 
Cattle Creek or Alligator Creek where the mean sizes 
were similar (Fig. 6). Size frequency comparisons 
between creeks (Fig. 7) showed that while Cattle and 
Barramundi Creeks produced a similar range of sizes 
znc . - - , CoLlle Borrarnundl Alligator 
Creek  
Fig. 6. Epjnephelus malabaricus. Comparison of the fork 
lengths of individuals in the 2 seaward regions of Cattle. Bar- 
ramundi and Alligator Creeks. Data are means + 95".# confi- 
dence intervals 
C a t t l e  Creek  
0.2 
0 0 
Fig. 7. Epinephelus malabaricus. Size frequency plots for the 
comparison of the fork lengths of individuals shown in Fig. 6 
r- Harrnmllndl  C r r r k  n = 92 
l 
v 
r l 
Alllgotor Creek  
n = 82 
l 
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the modal size was larger in Barramundi Creek with a 
higher proportion of fish in the larger size classes. 
While the modal fork length was similar in Barramundi 
and Alligator Creeks, Barramundi Creek had a greater 
proportion of large fish. 
Analysis of the distribution and abundance 
For both the comparison of numbers in 4 regions of 
Cattle and Barramundi Creeks (Analysis I) and the 
comparison of numbers in 2 regions of Cattle, Barra- 
mundi and Alligator Creeks (Analysis 11) log-linear 
modelling yielded the same final model (Table 3). This 
was composed of 2-way interactions between each of 
the 3 factors. The numbers of the 2 species differed 
between both Creeks and Regions independently, and 
Creeks and Regions interacted in the same way for 
both species. 
For the Species by Creek interaction in Analysis I 
(Table 3a) the numbers of both Epinephelus coioides 
and E. malabaricus were greater in Barramundi Creek 
than Cattie Creek (Fig. 8a). Furthermarc, in Cattle 
Creek the numbers of E. malabaricus were signifi- 
cantly greater than the numbers of E. coioides, while in 
Barramundi Creek there was no clear evidence that 
numbers of the 2 species were different. For Analysis I1 
(Table 3b), while more E. malabaricus than E. coioides 
were trapped in Cattle Creek, E. coioides was trapped 
in greater numbers than E. malabarjcus in Alligator 
Creek (Fig 8b). Both were trapped in similar numbers 
in Barramundi Creek. While numbers of E. malabari- 
cus were similar between the 3 creeks, the numbers of 
E. coioides were significantly lower in Cattle Creek 
than in the other 2 creeks (Fig. 8b). 
For the Species by Region interaction, in Analysis I 
(Table 3a) partitioning of deviance showed thdt the 
proportions of the 2 species trapped did not differ 
significantly between the Lower, Upper and Top 
regions (deviance = 3.295; 2 df; p = 0.19253) with 2 to 
3.5 times more Epinephelus malabaricus than E. 
coioides trapped in these regions (Fig. 9a). The bulk of 
the d e v i a ~ c e  in the interact~on was between these 3 
regions (Lower, Upper, Top) and the Bottom region 
(deviance = 17.371; 1 df; p = 0.00003) where numbers 
of the 2 species were similar (Fig. 9a). The numbers of 
E. coiotcles fell consistently from downstream parts of 
the creeks to upstream parts; however, after an initial 
Table 3. Stepw~se fitting (backwards elimination) of log-llnear models for the numbers of Epinephelus coioides and E. malabari- 
cus  in 3 estuaries. (a) Four regions in Cattle and Barramundi Creeks (Analysis I) ,  (b) two regions in Cattle, Barramundi and Alli- 
gator Creeks (Analysis 11). The 3 left-hand columns show the models fitted, and the associated deviance and degrees of freedom. 
The centre column shows the codes for the current model and the more complex model belng compared. The 3 right-hand 
columns show changes in deviance (A Deviance), changes in the degrees of freedom (A df) and the probability that the more sim- 
ple model fits the data adequately. Models containing interactions also contain the main effects composing the interaction. The 
final model is the model from which no term can be removed without a significant increase in deviance 0: code for the full 3-way 
model (deviance = 0, df = 0). 'denotes the final model 
Model Deviance df Comparison A Deviance A df Probability 
(a) 
(A) Species X Creek + 
Species x Region + 
Creek X Reglon' 
( B )  Species x Creek + 
Species X Region 
(C) Species Creek + 
<:reek X Region 
(D) Species x Region + 
Creek X Region 
(E) No 2-way interaction 
(b)  
(A) Spec~es x Creek + 
Species x Region + 
Creek x Region 2.87 2 A- 0 2.87 0.2377 
(B) Species X Creek + 
Species X Region 14.17 4 B-A 11.30 0.0035 
(C) Species X Creek + 
Creek X Region 26 28 3 C- A 23.4 1 0.0000 
(D) Species X Region + 
Creek r Region 42.54 4 D-A 2 39 67 0,0000 
(E) No 2-way interaction 69.47 7 E- A 5 66.60 0.0000 
A- 0 
B-A 
C-A 
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Ca!tle Borromundi 
C reek  
Creek 
Fig. 8. Effect of the interaction between Species and Creek on 
the numbers of Epinephelus coioidcs and E. malabaricus in 
(a) the 4 regions of Cattle and Barramundi Creeks and [b) the 
2 seaward regions of Cattle, Barramund~ and Alligatol- 
Creeks. Data are estimates from the log-linear model * 95% 
confidence inttarvals 
increase in numbers from the Bottom region to the 
Lower region, the numbers of E. malabaricus also 
declined with distance upstream (Fig. 9a). In Analysis 
I1 (Table 3b), the numbers of E. coioides were similar in 
both regions and in the Bottom region were greater 
than the numbers of E. malabar~cus (Fig. 9b). The num- 
bers of E. malabaricus increased substantially from the 
Bottom region to the Lower region, where they were 
greater than the numbers of E. coioides (Fig. 9b). 
For Analysis I (Table 3a) the interaction between 
Creeks and Regions (independent of species) reflects 
differences in proportions of Epinephelus spp. be- 
tween regions In the 2 creeks. Notwithstanding this 
interaction, the numbers of Epinephelus spp. in each 
region of Cattle Creek were consistently lower than in 
the same region of Barramundi Creek (Fig. 10a). Fur- 
thermore, there is an overall similarity in the pattern of 
change between regions for both creeks. In both cases 
the numbers of Epinephelus spp. tended to be similar 
iii "uoiiolll ~ I I C ~  Lower regions beiore falling away 
successively in the Upper and Top regions (Fig. 10a). 
In Analysis I1 (Table 3b) the numbers of Epinephelus 
spp. in Cattle Creek were similar in both seaward 
regions and substantially lower than in either Barra- 
mundi or Alligator Creeks (Fig. lob) .  The numbers of 
Epinephelus spp, were not clearly different between 
the Bottom regions of Barramundi and Alligator 
Creeks, and while there was some evidence that the 
numbers in the Lower regions were higher for Alliga- 
tor Creek than Barramundi Creek, the difference was 
not clear (Fig lob).  As in Cattle Creek the numbers of 
Epinephelus spp. were very similar in the 2 regions of 
Barramundi Creek, but in Alligator Creek were 
greater in the Lower region than in the Bottom region. 
Relationship between physical variability 
and catches 
The overall mean, minimum and maximum water 
temperatures were similar for all 3 creeks, and at any 
one time the mean temperature differed relatively lit- 
tle between sampling sites within an estuary. Cattle 
Creek exhibited low salinities (approx. 0 to 39%0; mean 
7 I 
Bottom Lower Jpper TOP 
Region 
ac . $3 F.' c o i o a d e s  
3 E ~nolubar icus  
" .-L I 
Bottom Lower 
Region 
Fig. 9. Effect of the Interaction between Species and Region 
on the numbers of Ep~nephelu colo~des and E malabaricus in 
(2) thc A :c31ons ;: Cattie ailcl i > c i l l a ~ ~ ~ u n ~ i i  Cree ts and (b)  the 
2 seaward regions of Cattle, Barramundi and Alligator 
Creeks. Data are estimates from the log-linear model 95"; 
confidence intervals 
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Bottom Lower Upper 
Region 
0 Cattle Ck. 
d, Alligator Ck. 
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9 
S ac 
I 
(Barramundi Creek) and below (Cattle Creek) normal 
seatvater s a h i t y  (Fig. l l a ) .  For both positive (Barra- 
mundi Creek) and negative (Cattle Creek) MSDs, 
catches of E. malabaricus first increased then de- 
creased as MSD became greater (Fig. l lb ) .  This pattern 
was clearer for Cattle Creek than Barramundi Creek 
where the catch rates for the 3 seaward regions were 
similar In Alligator Creek, MSD in the 2 regions devi- 
ated from normal seawater in opposite directions so the 
relation between MSD and catch rates is unclear 
E. coiozdss 
AI 
l 
Bottom Lower 
Region 
3 
Fig. 10. Effect of the interaction between Creek and Region 
on the numbers of Epinephelus spp. in (a) the 4 regions of 
Cattle and Barramundi Creeks and fb]  the 2 seaward regions 2 
of Cattle, Barramundi and Alligator Creeks. Data are esti- 5 
mates from the log-linear model * 95% confidence ~ntervals 5 
Z 
27.9%), with both mean and minimum salinities well 
0 10 20 30 40 50 60 
Sal in i ty  ( % a )  
- E .  malabaricus 
below 'normal' seawater levels. This was due to con- 
tinual freshwater inputs from stream flow and flooding 1 
in Autumn of each year. Lacking major freshwater o 10 20 30 40 50 60 
inputs during the study period, Barramundi Creek Sal in i ty  ( % a )  
exhibited high salinities (approx. 27 to 55.5%0; mean 
Fig. 11 Relationship between maximum salinity deviation 41.6%), with both mean and maximum salinities well (MSD, and numbers of (a) Epinephelus coioides and (b) 
above 'normal' seawater levels. Creek's malabaricus, trapped per region (b, Bottom; 1, Lower; U, 
salinities fell between these extremes. Upper; t, Top) in Cattle (C). Barramundi (B) and Alligator (A) 
There was no significant correlation between catch Creeks. Data are mean numbers per region per day * 95% 
rates of either Epinephelus coioides or E. malaban- confidence intervals. Vertical dashed line represents normal 
salinity (35%) 
cus  and water temperature (Table 4) .  
While catches of E. coioides per regior, 
Table 4.  Correlations between numbers of Epinephelus coioides and E, mal- 
of each creek per day were signifi- 
abancus caught per trap and bottom temperature ('C), bottom s a h i t y  (L) and 
cantly correlated with bottom salinit)., mdxirnum deviation In bottom salinity per region. Data presented are the Pear- 
catches of E. malabaricus were not son product moment correlation coefficient (r) and its associated probability 
(Table 4 ) .  Howcver, the correlations level (p ] ;  n = 240 
between catches of both species and 
the maximum d.eviation in salinity away 
from, norm.al seawater (MSD) were 
much stronger (Table 4 ) .  
Catches of Epinephelus coioides per 
regi.on declined with MSD both above 
Temperature Salinity Salinity deviation 
E. coio~des 0.0423 (0.5143) 0.1572 (0.0148) -0.3623 (0.0000) 
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DISCUSSION 
Comparison of the distribution and abundance 
The abundances of Epinephelus spp. varied be- 
tween estuary systems. Greater numbers of both E. 
coioides and E. malabaricus were trapped in Barra- 
mundi Creek than in Cattle Creek (Fig. 8a), and 
catches of E. coioides in the 2 seaward regions of Cat- 
tle Creek were substantially lower than in these 
regions in the other 2 creeks (Fig. 8b). It is possible 
that the observed low abundances in Cattle Creek 
may reflect a fundamental difference between this 
and the other 2 creeks. If so, it would appear that in 
some way Cattle Creek provides a poorer quality of 
habitat than Barramundi and Alligator Creeks. One 
factor that could contribute to the low abundances in 
Cattle Creek is the occurrence of regular, annual 
floods. Flooding can influence abundances of estuar- 
ine fish populations both directly (Marais 1982, 1983), 
and indirectly by its influence on salinity (Hoff & Ibara 
1977, Marais 1988, Moser & Gerry 1989), which is 
important in structuring fish communities in tropical 
estuaries (Quinn 1980). During the present study an- 
nual flooding of Cattle Creek caused a marked de- 
pression of salinity compared to the other 2 creeks. 
This annual influx of fresh water and the associated 
salinity reduction could work in a variety of ways to 
reduce numbers of the 2 species. Hyposaline condl- 
tions would cause osmoregulatory problems (Lasserre 
1975, Martin 1988) perhaps increasing mortality rates 
(Lockwood 1976) or causing fish to move to other 
areas (Hoese 1960). Low salinity and increased stream 
flow during flooding may prevent many recruits from 
entering the creek or at  least penetrating upstream 
areas, or cause newly settled fish to be  flushed from 
the creek. Increased outflow from the creek and asso- 
ciated reduction in sallnity may reduce the abun- 
dance of prey organisms (Cyrus 1988), thereby reduc- 
ing the amount of food available to Epinephelus spp. 
If the extra freshwater input to Cattle Creek did affect 
the a.bundance of Epinephelus spp., the fact that E. 
malabaricus was trapped In greater abundance than 
E. coioides in Cattle Creek but not in the other creeks 
suggests that E. malabaricus may possess greater tol- 
erances to reduced salinity levels. 
Despite the plausibility of explanations involving dif- 
ferences in salinity or flooding regimes there are  other 
possible reasons for the changes in abundance of Epi- 
nephelus spp. between estuaries. It may be that the 
differences in abundance were specific to the time 
window in which the study was conducted and not a 
rcf!cc:ion of l~fig-iellll pdiierns. For instance, unusu- 
ally poor recruitment in Cattle Creek over a number of 
years while the other creeks received normal or better 
than normal recruitment could have produced the 
observed differences. 
In both Cattle and Barramundi Creeks, there was a 
strong trend for the numbers of both species of Epi- 
nephelus to decline in a n  upstream direction (Flg. 10a). 
Notwithstanding this, the pattern was different for 
the 2 species. In the seaward regions of Cattle and 
Barramundi Creeks the numbers of E. coioides and E. 
malabaricus were very similar. However, while the 
numbers of E. coioides fell consistently with distance 
upstream, the numbers of E. malabaricus first in- 
creased substantially in the Lower region, and while 
they did fall consistently in the 2 upstream regions they 
remained significantly higher than the numbers of E. 
coioides (Fig. 9a). When data for Alligator Creek were 
included and only the 2 seaward regions considered, a 
change in the dominance of the 2 species was seen,  
with E. coioides more abundant in the most seaward 
(Bottom) regions and E. malabaricus more abundant in 
the Lower region (Fig 9b). Although using somewhat 
different spatial divisions, previous studies of Alligator 
Creek (Sheaves 1992) also found that E. coioides was 
more abundant in downstream parts and E. malabari- 
cus more abundant in upstream parts. 
While there were clear differences between the spa- 
tial abundances of the 2 species, the reasons for these 
differences are unclear It may be  that Epinephelus 
malabancus recruits are better able to access upstream 
areas than recruits of E. coloides, leading to higher 
recruitment. Alternatively, habitat types, food avail- 
ability or physical conditions may be less favourable in 
upstream areas. For instance, while the seaward 
regions of both Cattle and Barramundi Creeks (where 
similar abundances of the 2 species occurred) ex- 
hibited salinity levels close to that of 'normal' seawater, 
salinity levels deviated markedly from 'normal' sea- 
water salinity in the upstream regions of both Cattle 
and Barramundi Creeks. In these areas E. malabaricus 
became the dominant species. This occurred in both 
creeks despite the deviation from 'normal' salinity 
being in opposite directions (hyposaline in Cattle 
Creek, hypersaline in Barramundi Creek).  It may be 
that E. malabaricus is more tolerant to variations in 
salinity away from 'normal' seawater levels than is E. 
coioides. Differences in physical tolerances can be  im- 
portant in causing closely related species of estuary 
fish to exhibit different patterns of distribution and 
abundance (Martin 1988), and it is not uncommon for 
both hypersaline and hyposaline conditions to lead to 
reduced abundances (Gunter 1961). Indeed the catch 
rates of both species of Epinephelus were correlated 
with the maximum deviation in salinity (MSD) rather 
than salinity per se. This suggests that if salinity, or 
some correlated variable, does influence the abun- 
dance of the 2 species it is through long-term effects 
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rather than short-term changes. Clearly, if a long-lived 
fish cannot cope wlth particular salinity levels, a short 
period of adverse conditions may kill the fish or cause 
it to migrate away, thereby influencing patterns of abun- 
dance for a considerable time into the future. However, 
the link between catch rates and MSD does not estab- 
lish causality, only correlation. Many other variables 
(e.g. water depth and distance from the ocean) also 
correlate with MSD. Even if the long-term pattern of 
salinity deviation is a major factor controlling the 
abundance of Epinephelus spp. the relationship is un- 
likely to be as simple as a direct correlation with MSD. 
Factors such as the duration and regularity of salinity 
variation (Lockwood 1976) would probably be as im.- 
portant as the actual deviation from 'normal' salinity. 
Comparison of size structures 
Over the 3 creeks sampled, the size structures of the 
2 Epinephelus species demonstrated some marked dif- 
ferences. Both the modal and maximum lengths of E. 
nlalabaricus tveie !argcr than those of E. coioides. For 
both species there was a sharp decline in numbers 
caught at the lower ends of the size distributions, with 
few fish below 120 mm trapped. This was well above 
the minimum size that could have been retamed by 
the 12.5 mm mesh, as the maximum body depth of a 
120 mm E. coioides is about 28 mm (pers. obs.). Thus 
the traps should have been able to catch much smaller 
Epinephelus spp. than they did. It appears therefore, 
that either the smaller fish occupied habitats that were 
not sampled, or if present in the sampling area, that 
they exhibited behaviours that meant that they did not 
enter the traps. If small, juvenile Epinephelus spp. do 
use different habitats to the larger fish it is not clear 
what these may be. A number of studies have reported 
Epinephelus spp. from coastal seagrass habitats 
(Blaber et al. 1989, 1992). However, in each case insuf- 
ficient data are available to determine if small juve- 
niles were common. Conversely, no species of Epi- 
nephelus were recorded from beam trawl samples 
(2mm mesh net) from seagrass beds adjacent to Trinity 
Inlet in northeastern Australia (Coles et dl. 1993). Thus 
it is unclear if small juvenile E, coioides or E. malabar- 
icus utilise seagrass habitats to a substantial extent. 
While there are other habitats that could be used by 
small, juvenile E. coioides and E. malabaricus, no study 
of these habitats has reported significant numbers of 
small juveniles of either species. 
No clear spatial or temporal differences were found 
in the length of Epinephelus coioides. This may well 
have been due to a lack of data preventing viable 
analysis of E. coioides length for many spatio-temporal 
combinations. 
The mean length of Epinephelus .malabancus was 
greater in the 2 seaward regions of Barramundi Creek 
than in the 2 seaward regions of eith.er Cattle or Alli- 
gator Creeks. The reasons for this difference are not 
clear These differences in size structure may be 
a reflection of different settlement histories. For 
instance, settlement may have been more successful in 
Barramundi Creek than in the other 2 creeks in the 
years when the large individuals now present were 
recruited. However, the mean length of E. malabaricus 
for the Upper region of Cattle Creek was greater than 
for the Upper region of Barramundi Creek (Fig. 4 ) ,  
making arguments of differential settlement success 
between creeks difficult to sustain. Apparently more 
complex explanations, including mechanisms produc- 
ing within-creek differences, are needed to account for 
the patterns of spatial differences in length of E. mal- 
a baricus. 
Epinephelus coioides and E. malabaricus are closely 
related species. Both are similar in appearance, occupy 
the same habitats and are represented in estuaries 
almost entirely by luveniles (Sheaves 1995b). Despite 
these similarities, the 2 species showed very different 
patterns of distribution and abundance, both withln 
and between estuaries. In seaward parts of the estuar- 
ies the numbers of E. coioides were similar to or 
greater than those of E. malabaricus. However, in 
upstream areas E. malabaricus became much more 
abundant than E. coioides. This change in dominance 
may relate to differences in the abilities of settling 
juveniles to access upstream areas. Conversely, it may 
be that the 2 species differ in their ability to deal with 
the extreme physlcal cond~tions that occur in upstream 
parts of these estuaries. Regardless of the reason, these 
spatial differences in abundance suggest that E. mal- 
abaricus is better equipped to deal with the challenges 
of estuary life than E. coioides. 
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